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FOREWORD 

This report pertains to a study of a nondestructive test method 
for measuring the air content in sealed flexible food packages. 

The work ior this study was performed with materials and equip- 
ments available in the Packaging Division of the General Equipment & 
Packaging Laboratory, U. 3. An1(y Natick Laboratories (NLABS) under 
Project No, U662713D552, Design of Flexible Packaging Systems, 

The authors express their appreciation to Mr. L. Klarman, Data 
Analysis Office, NLABS, for his assistance in pragramming and compiling 
the required statistical computations for this study. 
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TRACT 

A nondestructive method to determine the volume of air in 
hermetically sealed flexible packages was studied for its applicability 
as an acceptance test in specifications, Extensive data was obtained 
with three size packages formed from a flexible laminate material. 
Packages contained the test medium bentonite as a food simulator. 

It was found that the results obtained with the nondestructive 
test correlated favorably with findings of the standard destructive 
test method and were repeatable (for air volumes not exceeding 30 mi's, 
readings were generally repeated to within 1 ml), 

This nondestructive test has the potential for cost savings in 
testing.  Furthermore, it does not require the use of highly skilled 
technical personnel or elaborate test apparatus.. 

Vlll 



INTRODUCTION 

The metal container is currently relied upon to preserve and store 
f;)odstuffs for Army use. This traditio11al method of packaging is being 
challenged. by the flexible package, which may in the future replace the 
~netal can for rations. Currently, programs arc being directed at NLABS 
~o develop suitable flexible materials for packaging of food items. In 
conjunction with these efforts, new tests are also being studied to deter­
mine more effectively such characteristics as air (oxygen) content in 
food pa~kages, It is impvrtant to control the amount of air or other 
gases i~ flexlble packages for the following reasons: 

s.. Sjn·.~e oxygen in air will affect the preservation of foodstuffs, 
its c.oni:.rol is required to prevent spoilage, thereby assuring safe food 
for consumption, 

o. Excess gas content will contribute to extra bulk and may cause 
the user to suspect food spoilage. 

This report is ~.:oncerned with the evaluation of a proposed nondestructJve 
test to determine the volum'' of air within flexible packnges containing 
f0ods, 

The prospects of s'l.l.vaging quantities of supplies that would normally 
be expended in a nonrecoverable test procedure justifies investigation of 
t,hJ s nondestructive test for possible use in military specifications. 'rhis 
test was originally proposed by Mr, Robert G. Keller, a former employee of 
the Qua.rtermaster Food & Container Institute of Chi cap;o - the parent orean:­
zation of +,he Packaeing Division, NLABS. The general princirle of this 
me .... h .. ):i invalv~s weighing the package while it is suspended in water and the;' 
:-educing th~.: <::!lV. ronmental pressure until the gases in the flexible packag-:­
expand ::.ur'fi.:::iently s0 that the par.kage is in a state of neutral buoyan~y; 
i.e,, ~t neither rises to the surface nor sinks to the bottom, The am~unt 
'.)f gas is ther, compu':.ed with arr equation derived from krchimedes P:rjnc1pl0 
s.:A Boyle' z Law, 'l'he equation generally used to determine the volume of •' · .· 
(gas) in a flexible package is as follows when temperature is kept constar.~. 
a~d density of water is taken to be 1 gra.m/1 ml. 

BEST AVAILABLE COPY 
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Vl    S      P2  (D) (1) 
Pi-Pa 

whe re: 

V      ■    Volume of air (gaa)  in package at 
pressure P^ (ml) 

P^    ■    Atmospheric pressure at time of test 
(ins.  mercury) 

?2    -    Pressure at time package is in a state 
of neutral buoyancy in water (ins.  mercury) 

D      =    Weight of package in water at pressure 
P^  (grams) 

A detailed derivation of equation  (l)  is shown in Appendix A. 

MATERIALS AND METHODS 

Test  packagts were  formed from a laminate material composed of 
polyester,  aluminum foil and polyolefin, and they were  shaped as 
rectangular pouches.    The  test medium packaged as  a food substitute 
consisted of Q% bentonite  -nd 92% water.     A total of 126 to  lU3 packages 
was  prepared in each of three different sizes to hold 28U,  568 and 850 
grams  of bentonite,  respectively.     The amount of actual air in the 
various  size packages  ranged from 0 ml to 50 ml.    The volume of air was 
initially determined by means of the nondestructive method and then 
measured by actually opening the package and collecting the air as  i 1lus- 
t.rated in Figure  1.     Individual test packages were tested by both method?. 
ur "'er the same environmental temperature and barometric pressure  conditions 
Data results  for both methods  are listed in Appendix B. 

Destructive Test 

Although this method is destructive, it is quite simple to execute. 
Ar. seen in Figure 1, the procedure involves puncturing an opening in the 
package while  it  is under water and allowing the sealed air to escape 



Graduate 

Measured Air (V_) 

Water surface 

Figure 1 Test Setup for Measuring Air Content in Flexible Package 

flJL 
Ü r^ 
* 

V 
f 
Y 

1 

 __ 

Figure 2    Weighinß of Package in Water 

IBSIHIUMMHBU ■ rflmiM—    nirl^r ■■* i T- T- ii iiiMlijfciBMdMMini-iiiaminüiaMniilihn --- - 



: tito an inverted measuring graduate. Considerable time, however, can 
be consumed in manipulating and squeezing the contents to assure that 
all air is forced out of the package. Volumetric measurementn of air 
are corrected to atmospheric pressure as follovs by Boyle's Law^: 

V    = (P - W. N  V 
a a       ■ ■       in (2) 

■«■here: 

V * Volume of ail @ atmospheric pressure (ml) 

Pa = Atmospheric pressure (ins. rccvcury) 

W^ = Pressure of water level in graduate (ins. mercury) 

v.,, - Volume of measured air (ml) 

Nondestructive Test 

The volume of air hermetically sealed in a flexible package is 
determined with equation (l). To obtain the required data for this 
equation, the test package is initially weighed suspended in water, Just 
below the water surface (Figure 2). The weight (D) is expressed in 
grams. The package ia then placed into a transparent cylindrical vessel 
containing water and checked for leakage. This check is made by creating 
a high vacuum in the vessel and observing the package for a steady stream 
of escaping babbles at leak location. The effect of any air bubbles 
clinging to tht external surface of the package was minimized by the 
wetting agent in the water. To obtain neutral buoyancy, the vacuum in th2 
jar is decreased gradually allowing the air in the package to expand, 
causing the package to rise to the surface (Figure 3). The pressure is 
,hen carefully increased allowing the package to drop slowly to a nev.tral 
buoyancy position just below the water surface. The pressure reading intide 
the vessel is taken at this point by means of a vacuum ?age and is equal 
to ?2  °^ equation (l). 

vurry, W. 
Co.,   1952, 

H., E.   M.  Purcell and J.   C.   Street.   Physics, The Blakiston 
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RESULTS AND DISCUSSIONS 

The Actual and Calculated (nondestructive)  air volume data for 
the 850-grarn package    are plotted in Figure 1».     (For data tabulation 
see Appendix B,)     These values are treated,  both as dependent and 
independent variables in the analysis.    Visual inspection of the 
pattern and trend of the plotted points suggests that the relationship 
is essentially linear and is also characterized with a uniform dispersion 
of points  about each regression line.     There is  a tendency for points to 
be dispersed slightly more at the higher volumetric levels. 

The analysis of variance  (ANOVA)  technique was used to verify the 
linearity of the relationship in Figure k.      The ANOVA performed with 
data for the 850-gram package is  summarized in Table  I.    The Actual and 
Calculated valuer, were treated as  the X ai.d Y variables, respectively, 

Table I    Analysis of Variance for Air Content 
in  850-Gram Package 

1 

Source cf 
Variation 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Squares F Ratio 

1767?.706 

(Critical F % 
95% 1,129 -- 
3.92) 

Explained by 
linear regression 

Unexplained 
(Deviations about 
regression line) 

1 

129 

I28U1.13U 

93.716 

128M.131* 

.726 

Total 130 1293^.850 

The F ratio of 17675.706 is  considerably higher than the cricical F of 3.92 
indicating quite conclusively that there is  a strong linear relationship 
betweer  the Actual and Calculated readings.     The probability is virtually 
zero that  so much of the total variance as  explained by linear regression 
is due to pure chance.     The data for the 28*4 and 568-gram packages in 

"Dixon,  W.  J.,  and F.  J.  Massey,  Jr.,  Introduction to Statistical Analysis, 
McGraw-Hill Book Company,   Inc.,  1957. 
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Appendix B were analyzed in a similar manner and as seen in Table II the 
linearity was again highly significant in each instance. The concomitant, 
coefficients of correlation for all three size packages were also found 
to be significantly high. The tent for significance was based on the 95% 
probability level. 

Table II Comparison of Linear Fits and Correlation 
of Air Volumes in Packages 

a. Actual (X) versus Calculated (I! 

Package Coefficient Standard 
Size Linearity of Correlation Error 

281* grams Highly 
Significant • 991* 0.702 

568 grams Highly 
Significant • 998 0.793 

8S0 grams Highly 
Significant .996 0.852 

Calculated (X) versus Actual (Y) 

efficient Package Cc Standard 
Size Linearity 

Highly 

of Correlation Error 

28I4 grams 
Significant • 99>» 0.762 

568 grams Highly 
Significant • 998 0.872 

850 nrass Highly 
Significant .996 1.006 

To convert readings obtained by either test method, an allowance must 
be made for error variability.  In Figure h,  confidence levels (broken 
xine) are shown as the limitd of variability, The upper limits are based 
on the 95^ confidence livel and they were computed with the standard errors 
listed in Table II.  0n«-sided limits vere computed since specifications 



will normally require a maximum allowable air content in food packages 
The graphical relationships of Figure k  provide a means by which to 
estimate either Actual or Calculated air content values, More precise 
and impartial estimates are derived from equations, For this purpose, 
listed below are the equations for the regression and the upper 95% 
limit lines fcr each size package. 

Equations for Estimating Calculated (Y„) Air Content from Actual (X J Readings 

Package Size     Linear Regression Line     Upper Limit L.'ne 

281* ^^8      Yc = O.Ul6 + -915Xa        £c  = 1.205 + 915X a 

568 grains                 Y    = O.U18 +  -907Xo Y„ =  1.728 *  .907X, C                                             a c 3L 

850 grams                Y.   = 0.621 +    8^3X0 Y    - 2.Q31* + -81*3X„ *-                                 a c a 

Equations  fcr Estimating Actual   (Y  > Air Content  from Calculated (X  )  Reading'. a c 

Package Size             Cinear Regression Line Upper Limit Line 

28U grams                 Y    =    0.033 + 1.079X Y    ■  1.297 + 1.079X a                                     c a                                   c 

568 grams                Y& =    0.393 + 1.100X Y& ■ 1.053 + 1.100XC 

8i0 grams                 Y„ * - OJM  ♦ 1-178X Y„ =  1.027 "   1- 178X„ a                                         c a                                     c 

The repeatability of readings for the different  aize packages  is 
-ompa. ;d in Table III at volumetric levels 5,  10,  and 20 ml. 
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Table III Conversion of Volumetric Readings 

a. Conversion fron; Actual to Upper Calculated 

Upper Calculated 
Package ilize Actual Readi ng (ml) Reading  (ml) 

7bh grams 5 
10 
20 

5.8 
10.5 
19.5 

566 grams 5 
10 
20 

6.3 
10.8 
19.9 

850 grams 5 
10 
20 

6.2 
10.5 
18.9 

b. Conversion from Upper Actual to Calculated 

Package Size 

28U grams 

568 grams 

850 «/rams 

Upper Actual 
Reading (ml) 

5 
10 
20 

5 
10 
20 

5 
10 
20 

Calculated Reading (ml) 

3.5 
8.1 

17.3 

3.6 
8.1 

17.2 

3.U 
7.6 

16.1 

The values listed in Tables  Ilia and Illb,  above, were obtained from the 
equations discussed previously.     For the three size packages,  the  range: 
of differences in values converted at the !)-ml level are 0 5 ml (6,3 - 5.8) 
for the Upper Calculated reading, Table Ilia;  and 0.2 ml  (3.6 - 3.It)  for 
the Calculated reading, Table Illb.     The corresponding ranges  for the 
10-ml level are 0.3 and 0.5;  and for the 20-ml level, the ränget? are  1.0 
and 1.2.    With the exception of one  range,  all others were within  1 ml. 

10 



A? <.?eri in Appendix E, the Actual air volumes are correspondingly 
higher -,han the Calculated values in most instances. The effect of ar.y 
dissolved air in the package contents was discounted as a factor con- 
tributing to this difference  Its release under vacuum would tend to 
increase package buoyancy and thus Pg would increase to maintain neutral 
buoyancy. As seen in equation (l) an increase in Pg will also make V 
larger.  It, was de:ided that this difference may be a-tributed in par. 
ro changes in daily atmospheric pressure and the water pressure on the 
package while it is submerged during the test.  In addition to atmosphe- 
p.-ei:-;ure, it can be seen in Figure 2 that a water head Y also aces com- 
press'.vely on the package volume V, Assuming that the package remains 
.■uspended Just below the water surface , the average pressure (w ) can be 
derived as follows: 

P =- s: Duydy 
vnere: p •- total force on submerged area (uy) 

D - density of water 

u - unit width 

y - depth of package measured in units cf u 

then ? --  Duy?7 2 

The o'crage pressure  fwp) on the package  is estimated by dividing the 
arf>   (uy)   into the above equation  for P 

w    - Duy /2uy 
P 

» Dy/2 (3) 

-•im- .a.'  ore? sure r»  ^ will   aj.so influence the neutral buoyancy jf th< 
pa */.g« vre^ a  »-acuum^is applied and the package remain.-  floating just 
bel'-v the water  surfa-.e      In Appendix A,  buoyant  fcrce  (B)  equals   the 

11 



ill i||   jlj I   llnmiMJIJ ||I14B(1.,. JLiJUJUJI,-.. ,J4.4_ll.,lU4U'WIVIO""V^^nV^|ir!n^«r   -*- ■ 'W«^"""!"1 II.IIIWBUIMMI.IHII. 

volume of pacKige materials and contents (V).  Equations ii and iii, 
Appendix A, can be shown as: 

D = W-B-=W-V 

or 

D = (W - Vj - V 

vhere V    equals the volume of materials  in the package not affected by 
pressure changes      Since the respective D values are obtained while the 
package is  suspended in water, both atmospheric and water (w  ) pressures 
will  act on V  (air  in package)  and directly affect buoyancy.     The weight 
of package  (D) will depend on the depth location of the package  from the 
water surface      3quat-on  (M below is  derived from equation  (1;  by 
increasing Pj and Pp by the amount of w  . 

vi *       tea f V D 

(P1 + wp)  -{P2 + wpJ 

(?« + v_)  D 
d        P  

Pi - P2 
(h) 

It is noted that V, 13 the calculated volume of air in the package at 
Etmosphere plus the water head (w ) pressure and it will require correction 
to atmospheric pressure (P^) to permit comparison with the Actual volume 
which was derived from equation (?).     Taking the V^ value and substituting 
it into Boyle'a  Law: 

•V, corrected'; (P.) = 'viHpl + wo'' 

will tend to increase the Calculated volume (corrected) thus further 
narrowing the difference between the Calculated and Actual values  The 
magnitude of w^ depends on the package --^figuration (depth dimension) 

12 
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Several specially prepared packages containing a plastic block were 
tested for residual air content  Results ars shown in Table IV, 

Table  IV    Effect of Water Head on Residual Air Content   (ml \ 

Sample Actual Volume (A) Calculated Volume Differences 

1 16.20 

I II I-A II-A 

15.80 15.1*0 -0,1*0 -O.8O 
2 11.66 11,51* 11.20 -0.12 -0.1*6 
3 15.55 15.60 15,30 +0.05 -0,25 
I» 26,70 26,60 26.20 -0.10 -0.50 
e; 29 ho 29. Ul 29.01 +0.01 -0,39 
6 8,35 8.21 790 -0.1U -O.45 
7 T. L3 7.25 7 00 +0. 12 -0.13 
8 5.91 6.05 5-80 +0.1U -0 .11 

Values under column I are based on calculations allowing for the water 
head wp using equation CO; and values in column II were computed with 
equation (l). There was much closer agreement between the Actual and 
Calculated values when the water head w was considered in the computation 
The differences are quite small (column I-A above) and they are also equally 
divided abcve and below zero as evidenced by the same number of plus and 
minus signs.  Tic statistical paired t  and sign tests indicate there is no 
significant difference between these results at the 95? level  However, if 
the w effect is ignored the Actual values can be expected to be higher 
This is quite evident in Column II-A of Table IV where the difference 
between the Actual and Calculated values are consistently negative indicating 
that Actual values are higher. 

It was not possible to achieve neutral buoyancy for some large size 
packages ;850 grams) which contained a very low amount of air un the order 
of 1  ml or less),  Thie condition should not detract frou the value of the 
test method for the following reasons: 

a  If the air content is so low n.e  to be inadequate to cause or 
sustain neutral buoyancy, the air volume in relation to the package flze 
wouid in such instances meet specification requirements. 

b-  It is unlikely that a precise measurement of a very low volume of 
air can be made frr a package containing actual foodstuffs using the 
conventional destructive method, 

.13 



SUMMARY 

T11.~ ~J..:- ·::mt.:.e1t df:!·;~::-m1n~:~.~.i-:lns derived with the nondestructive 
~es": lat.:.'l ·were r-~p~a.tab.le and correlated well with actual residual air 
fi.-:'3.i ng.s. 1 1

; W:J.s al'>r; det~rmined that a11 inprovement in accuracy C!ln be 
'l.chie ·r-:!d OJ ,:tijJ.s·>: ~::1g .:!a}.culations for the effect of water pressure (wp) 
on ·r-,h~ su?:.n~:;.·_ge:i package, See equation (4L The need for and magnitude 
of th i. 3 a..lj u~P~m ~J.t \/o~tl1 be minimal for the smaller packages, by collecting 
dato. •.ri·~h t:'le pa-::~<age p~sitioned close to the surface of' wafer; and to 
s0me ex~en-:, ':.h·~ ...,p effect is neutralized by the buoyancy of the residual 
ai.r bubbl~s ·~ i:'.'lgirJ.g to the package surface (the small a.moun t of air not 
~omple:ely ~emoved by the wetting agent). If a test procedure is followed 
'..'he?eby te~l t d'l.':.a a::-e ohto.i ned with the package just below the water 
s·.u-fa'!·~, 1 :J·~~ ·)f "'p v9.~,v~s can be derived with equation (4) for t'l:e :!.ar.ger 
~=.i 7J~d ;JI3. ~ ~'l.g"'". 

'l'he ·:-~:: L.:~.> •>1' -r,hL~ st.udy <:ubsta.'1tiate the fee.sibility of developing 
specifica~.:.on ~::-:. ":.eria :\:.r this nonde:>tructi ve- teJt. procedure. A...'1 example 
0f apply~~~ s1~h cr1ter1a ~0 a spe~~=l~n~ion is sh)wn !n Appendix C .. 

'l'h1s nond·~~~.r~c:.cve test procedure may prov-ide significant savl.ngs 
in teGt _nspec~!on opero.:1ons by: 

n. .Sllr:L~n;r:.:.ng the· ~1eed ~o reprocess or rE:place food produc~s which 
vou:cd n::'r1~a.~ 'J ~P. ·~on"::.a.r:t!r.A.t.ed or destroyed in the conventional test, 

b. P~-~~ '"!":,-:;.,ng the je:-:-:::"'uc~icn of p3.ckaglng material, 

r.. Red'.lC .ng o·.rer-all tes~ tim!'.!. 

?ers..,:mc.~ ~.)t>r:.:'orr.1:ng the nondes':.:uct i ve test will not requ: re specialized 
.l abG.nc.-:J::-f :.;k .. l.:.:~ 'i'rk :pro:ed: .. rn: .f :.::-:! te::.~ is st :-c.igb·.:.: r·oo~a.:: d a:.d 1.:;cs n:::•t 
!t'q•n ·~e c;..::ph.::~>":.l·~,'L·~ed •.r~st equipnt'!!t. 

r::.ES.T AVAILABLE COPY 



APPENDIX A 

* 
Derivation of Equation 

1.  Symbols Used 

B ■ Buoyant force - volume of fluid displaced times the specific 
gravity of the fluid (weight of fluid displaced) (Archimedes 
Principle) 

B = Buoyant force in grams exerted on package contents and weights 
at P   (weight of water displaced) 

3-, -  Buoyant force in grams exerted on package contants and weights 
(weight of water displaced) at P2. 

D = Weight of package, contents, and weights in water at P-, 

D' ■ Weight of package, contents, and weights in water at Pp 

T^ = Test temperature in K 

T -• Standard temperature (273 K) (0 C) 

P = Standard Pressure (760 mm Hg) 

P. - Barometric pressure at time of  test in mm Hg. 

^2 -  Pressure in mm Hg at which test pai_..age (and weights) has 
neutral buoyancy with water 

V"i = Volume of Ras in package at Pj 

V0 - Volume of gas in package at Pg 

V^' = Total volume of package, contents, and weights at Pj 

V2* * Total volume of package, contents, and weights at P., 

W - Tctal weight in grams cf package, contents, and weights 3uspend.?d 
in uir 

* Abstracted from Test Method RTM 829, Reynolds Metals Company, Fackap,, w; 
Research Division, dated January 19, 1966. 
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su·o3ti"C',l~ine symbols for A:-chimedes Principle: weight in water (D) = 
··lie1Dt·c 1n air (W) - buoyant force Ci3) (weight of volume of fluid 
1i~~ta~~d) ¥~ ?btain: 

D = W - B 

Si~~e :e3tlng Ls dnne in water (specific gravity ~ 
W'l-:e::- (D) = ,.,.e!"ght i!l air (W) - buoyant force (13) 
:li·.;.;_Jlu~e1) 

Equation il 

a~J s.;.mila:>:-ly 

Zc;.ua.t.;'.on i.ii 

1.0) weight in 
(weight of water 

:-1u-: 'by -1·~-f:. n·~ ~i·.)n et P2 , W eq_uals the weight of water displaced 

~q;.1a-:ion i ·r 

Th~~rr.do:::-·e e:::"'~ec~.:. ve \.rei;:;ht of pac:{age and '=Ontents in water at P
2 

is Z'.!::-o .. 

:Sq_uat:l.on v D' = 0 

1\ga in ucco~·ding t.o Arc hi rned£~:; Pri. ~1ci p le, the volume of the package, 
~or.-:en-:s, and l<e.;.r,hts 0"::. P1 l'C~u.:!ls ~he volwn'? of the fluid (water) 
di sp:aced ..1nd, 5::.nce wate':· :o ::.. • 0 c;peci fie gravity, equals the weight 
of the VK~er d~splaced (B) 

2quat.!.on .,-:._ L 

then, 
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Since with changes in pressure on the package,  th« volume of gas 
w?.ll change accoiding to Boyle's Law, but the volume of the solids 
and liquids will remain constant 

Equation ix V«'  - V   ■ V,»  - v 
2 2        1 1 

or by transoosing 

Equation x      V ' - V ' = V - V 
2    1    ?   1 

Substituting Equation x into Equation viii we get: 

Equation xi     V2 ~ Vi = B2 ~ Bl 

Substituting B^ = W-D' and Bn » W - D, from Equations ii and iii 
we get: 

Equation xii    V2 _ v±  = (w - D1) - (W - D) =  D - D' 

Since D* * 0 from Equation v, then, 

Equation xiii   V- _ V = D 
«•■   1 

When T is constant we know from Boyles Lav that, 

Equation xiv    ?.Y, ■ PpV0 

or by transposing 

Equation xv    V^^ = py 

~P 
1 

Subtracting both sides of the Equation from V„ we obtain: 

Equation x\i    '/„ _ v = V _ p v 
2   1   2  Vj> 

Pl 

Substituting Equation xiii into Equation xvi 

Equation xvii   D » V_ _ p v 
d        2*2 

~P 
1 
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H|l|   111 IWl»l I»«-   *•'•■■* Li P.-   ■ HflUl,!.'!   J     ijlionivvp 

Solving for V"2 we obtain Lquation xviii 

Equation xviii  V,-, =  D 

1 - P. 

By substituting Equation xviii into Equation xv, we obtain 

Equation xix    V1 =  PpD 
r"fp7~ng" 

Which simplifies to 

Equation xx V,  =    p?D 

P.-P 
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APPENDIX B 

Test Results 

1. Residual atmosphere volume values for 28l«-gram packages 

Cal ll Act" 
2/ 

Cal Act Cal Act Cal Act 

06 c.ii/ .8 1.0 i».o 1».2 9.7 10 0 
,12 <.l 1.2 1.2 k.3 k.k 8.9 10.5 
.12 <:.i 1 3 1.2 3.6 k.5 9.1» 10.6 
.13 <.i .11» 1.1 l».l» k.5 9.3 10.8 
.13 <.i 1.3 1.2 k.h k.b 10.1 11.1» 
.13 *.i 1.6 1.2 i».o k.l 9.9 ii.; 
.13 *.i 2.1 1.2 l».l» 5.1 9.2 11.9 
-13 *.i 1.6 1.1» 1».5 5-2 10.9 12.1 
.13 <.i 1.5 1.5 5.0 5.3 10.9 12.1* 
■ 13 *.i 1.2 1.5 k.9 5-1« 11.0 12.1« 

<.i 1.8 1.7 k.B 5-5 12.2 13.2 
,\k *.i 1.1» 1.1» k.9 5.7 12.5 13.9 
,\k <.i 1.5 1.6 5.1« 5.8 12.3 13.9 
.11» < .i 1.9 1.8 5.2 5.8 13.1 3'' ■ 5 
.ll» < i 1.5 1.8 3.6 6.0 U.O 13.6 
.Ik <.i 1.1» 1.5 5.1 6.1 10.6 13.1 
.lk <.i 1.9 1.9 5.6 6.3 13 0 15.0 
.Ik <.i 1.8 2.0 5.8 6.1. ik.k 36.0 
.16 <. i 2,2 2. 1 8.1« 6.1* 11*. 8 16.1« 

13 .i 2. 1 2.3 5.5 5-9 17 0 16.7 
1U .i 2.3 2.3 5.9 6.5 13.1« 17  1« 
15 .i 2.3 2.3 6.0 6.6 11«. 3 17.5 

.OU .2 2.1« 2.1« 6.8 7.1* 15.1« 17.6 

.11« .2 2-7 2.8 7.2 7.1« 17.9 19.7 

.11« .2 2 3 2.9 6.7 7.7 in.8 21.0 

.06 .2 2.7 2.9 6.9 7.9 19-0 20.6 
12 .2 2.9 2.9 7.3 8 0 20.0 21.6 

.30 . i* 2-7 3.1 7.7 8.2 20. 3 21 9 
■ 30 .L 3.n 3.? 7.7 8.0 20.0 22   . 

■ > u 3 7.1« 8.3 2k.k 2U.0 
6 3-1« 3-7 7.3 8.3 26.1« 21.   1 

7 .6 3 '. 3,0 8*. 3 9-0 22.9 ?..  7 
1  1 •7 3.7 3.0 8.3 9.0 26.5 28. U 
0.6 • 7 3-5 3.9 10.7 9.2 25-8 28.8 
l.i« • 9 3.3 3 1» 8.8 9-3 10.6 12.7 
2.2 .9 3.9 k.2 8.0 9-6 

1/Cal - Calculated Value 
2/Act - Actual Value 
3_/For values indicated as <  .10 a value of .05 was arbitrarily used for 
calculation purposes, in determining the difference Detween calculated 
and actual value of air volume. 

19 



MIM -ilJ^IMppppn|p|.tu|Uip.p.^ . JIUUyfMiHiPV*"! 

Cali/ Act£/ Cal Act Cal Act Cal Act 

0.3 0.0 3.3 3.1» 11.5 10.9 20.3 21.1» 
0,3 0,0 l».0 i».o 10.8 10.9 19.9 21.1» 
0,3 0.0 3.9 3.6 10.0 11.2 19.7 22.3 
0.1» 0.0   , 

<0.1-' 
U.3 l».l 11.1» 11.6 19.8 22.7 

0.3 «♦.5 k.2 10.1 11.9 19.7 22.9 
0.3 <0..l »».8 l».l» 12.3 12.0 20.2 23.0 
0.3 <0.1 4.6 4.7 11.1» 12.1» 20.9 23.3 
0.3 <0,L 5.1 k.9 11.3 12.1» 23.0 2l».2 
0.3 <0. 1 1».8 U,9 11.8 12.6 21».5 J6.8 
O.'j <0.1 5.5 5.3 11.5 12.8 25.5 27.1 
0,3 <0,1 5.2 5.1» 11.5 12.9 2l».0 27.2 
0.1* <0.1 7.8 5-6 13.0 13.1» 26.0 27.2 
0.3 0.1 5.1» 5.7 12.6 13.8 26.7 27.8 
0.', 0.1 6.7 6.7 11». 1 l't.O 25.5 27.9 
0 3 0.1 7.2 7.1 ll».1» 1U.5 28.0 28.2 
0.3 0.1 6.5 7.2 13.5 la.5 26.3 29.0 
0-2 0.1 6.1» 7.3 1U.6 lit. 7 27.2 31.8 
0, 3 0.2 7-5 7.6 13. fc ll».9 30.0 32.7 
ü.6 C.2 7.5 7.8 13.0 15-1 29.9 33.1» 
0.3 0.1» 8.1» 8.3 lU.O 15-3 28.1 31.1 
0.1» u.h 7-7 8.1» ll».8 15.1» 29.0 35.0 
0.15 o.i» 8.1 8.1» ll».0 15-5 31.9 36.1 
o.fc 0-5 8,2 8.5 16.5 15-5 31».6 367 
1.2 1,0 8.8 8 7 15.8 16.1 37.7 1*0.0 
0,9 1,1 3.6 9.0 15.6 16.6 35.5 1»0.0 
1.5 J.3 9.1 9.1 15.1» 17.1 36.3 1*0.2 
1.6 1.5 9.8 9.9 16.9 18.5 1*0.5 1*0.3 
I..6 1.7 9,1» 9.9 18.1» l8.6 37.1 1*1.1* 
2.2 2.0 9-9 9.9 18,1» 19.0 39-7 1*3-3 
2 6 2 a 10 0 9 9 19-0 19.1» 1»2.6 h6.0 
5 5 3.2 10.6 10 3 18.0 20.0 l»6.3 50 •) 
3 « 3 2 10.7 10.8 

1/Cal - Calculated Value 
?/Act. - Actual Value 
,3/?'or values indicated as < , 10 a value of    05 was arbitrarily used for 
calculation purposes, in determining the difference between calculated 
and actual value of air volume. 
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3.     Residual atmosphere vol"me values  for 850-gram packages 

I 

Call7 Act- 

.01* <-io- 

.03 10 

.140 .10 

.Ok .10 
-Oh .10 
.ok .10 
,6o .10 
.60 .10 
.60 .10 
.60 .10 
.Ok -15 
.ok .20 
6o .20 

.0«. 30 
.60 30 
.80 .140 
.014 .1*0 
60 .60 

.SO 70 
1  70 .60 
1,70 90 
1.30 1.20 
1.70 1.20 
1,70 1.1*0 
1.70 1,1*0 
2.60 1.1*0 
2.1*0 1.70 
2.. 10 1.70 
1.80 1.80 
2 80 2-70 
2 90 2 70 
3-00 2.90 
3-10 3.20 

2/ 

3/ 
Col Act Cal Act Cal Act 

3.1 2.7 7.7 7.5 
3-0 3.2 79 8.0 
3.1 3.2 7.7 8.5 
1*.0 3.2 8.1 8.8 
3.5 3.1» 9.1 9.1 
3.9 3 U 3.3 9.7 
3.1 3.14 9.3 10.0 
3.9 3.5 9.8 10.It 
1*,6 3-5 10.2 10.7 
U.6 3.9 9.2 10.5 
k.S I4.0 9,7 11.0 
k.i l*.l 10.5 11.7 
k.k 1*.2 11.1 11.9 
k.2 1*.3 1C.8 11.1* 
1*.8 1*.3 11.0 12.1 
5.0 14.5 11 l4 12.5 
5.0 I4.8 11.3 12.6 
k.2 k.5 11.3 12.7 
5-2 I4.8 11.1* 13.0 
6.2 5.2 11.5 13.0 
4.8 5.5 11.8 13.0 
6.1* 5.9 12.5 13.6 
O.O 6.1* ll.l* ll*.2 
6.5 6.6 12.0 15.1* 
6.14 6.8 13.7 15.8 
6.3 6.6 lU.7 16.5 
6.2 6.7 ll*.9 16.9 
6.7 6.7 15.6 17,1 
6.7 7-1 16.7 17.6 
7-1 7.2 15.3 17.9 
6.2 7.3 16,5 17.9 
7.6 7.1* 15.2 17.8 
7.6 7.5 16.1* 18.5 

17.1 19.2 
18.7 20.2 

16.5 20.3 
17.8 205 
18.1* 22.2 
19.1* 23 0 
21.1 23 1 
20.8 23.7 
19-9 23.1* 
21.2 23.3 
21.0 21*. 1* 

21.9 25. k 
21.8 25.5 
22.1 25.5 
23.7 25 7 
21*.0 27.2 
21*. 3 r.-7.7 
21*. 0 27.7 
22.7 23.3 
23.3 28.7 
25-0 31.2 
25.5 31.2 

31.3 37  3 
31-1 37.1* 
35-3 1*1.1» 
39.0 1*8.1 

3l4.7 39 7 
27-9 32 6 
30.5 35 5 
32.2 37 9 
31-5 38 7 
1*9.0 50.8 

1/Cal - Calculated Value 
2/Act - Actual Value 
J3/For value  indicated as <* 10  a value of  .05 was arbitrarily used for 
calculation purposes^   in determining the difference between calculated 
and actual value of air volume. 
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APPENDIX C 

Specification Criteria Tor Nondestructive Test Method 

1. The effect of air on the usability of food will limit the allowable 
amount of air for a specific package. T'ne cases discussed in this 
Appendix illustrate with the 050-gram package the methodoJogy by which 
specification criteria can be developed for the nondestructive test 
method after the technical considerations are completed and basic 
requirements are determined. 

2. Specification criteria for the 850-gram food package: 

a.  Cese No. 1 - The air amount in each 050-gram package is to be 
controlled; however, some allowance is permitted for packages containing 
air in excess of the prescribed level. 

(l) Specification requirement - Assume the actual, air requirement is 
set as 10.0 ml maximum.  The equivalent nondestructive or calculated value 
is readily computed with the following equation as shown in Figure k. 

Y„ = 0.621 + 0.8^3X„ 

Substituting 10.0  for X, 

Y    = 9*0 nil 

The requirement in the specification would specify that the maximum air 
amount, permitted in the package shall be 9 0 ml when the test is conducted 
in accordance with the nondestructive method. 

(2) Specification quality assurance provisions - In determining thr 
acceptability criteria for inspection, an allowance muse be made for 
variability in the test method.  The equation for the upper limit in 
Figure h  takes! into account the random variations associated with the 
T.e3- procedure- 

Y„ s 2.03" ♦ 0.8U3X c 

Substituting 10.0 for Xft, 

a 

Yc = 2.03b + C.8U3  (10.0) 

*c • 10.5 mi Preceding page blank 
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If the actual air content oi' a package were 10.0 ml, the above calculation 
indicates tnax there is only a 5-percent chance for the nondestructive 
reading to exceed 10,5 ml. The 10.5 value thus allows for expected 
variability. Should this value be exceeded, it can be assumed with a 
minimal risk tnat the package does in fact contain more than 10,0ml of air. 
The package would be unacceptable.  The number of packages in the sample 
allowed to exceed the rejection criterion of 10.5 ml will depend on the 
Acceptable Quality Level or percent defectiveness specified for the test- 
The allowance for test variability and the rate of unacceptable packages 
permitted in a lot provide a low risk factor to the producer, i.e. the 
risk of rejecting his product if the air content in packages is actually 
10.0 ml or lees. In order to minimize the riek to the consumer, an 
additional provision should be considered whereby the average air content 
reading based on all sample packages tested must be equal to or less than 
the 9-0 ml value derived above 

b,  Case No, 2 

xl)    A requirement is  to be established for the nondestructive test 
method so that there  is a minimal risk of accepting any package containing 
10,0 ml or more air. 

(2)    The requirement  for the nondestructive test method can be obtained 
from the upper limit shown in Figure U  for the 050-gram package. 

Y    = 1.027 + 1.178X a c 

Substituting 10 0  for Y 

10.0 ^   1,02/   -<■  1..17&X 

X    ^   ? 6 ml c 

If a reading of 7.6 ml or less  is  obtained with the nondestructive method, 
r,here is a 5-percent or leib chance that  the actual air content  in the 
package .13  10.0 mi or more.     The acceptance criterion rfould be established 
as 7-6 mi.      If a reading above this value is obtained,  the package would 
be rejected. 
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